The elementary ash in eucalyptus bark affects the corrosion and efficiency of pipes in the boiler tube applying in food industries. The eucalyptus bark had high chloride content at 0.660-1.975%, which reacted with compound gaseous to form potassium chloride. The most oxide value (62.66%) of fresh eucalyptus bark was from calcium oxide, which promoted agglomeration. Reduction of agglomeration may be done by addition of kaolin. Therefore, kaolin was added into eucalyptus bark pellet for 5, 10, and 12% before using as fuel to produce steam compared with control (pellet without kaolin). The results showed that the tendency for fouling and agglomeration was decreased when 10 and 12% kaolin was added. At 10% kaolin addition, the slagging ash was lowest and the agglomeration was reduced for 77.4 %. The eucalyptus bark pellet with 10% kaolin was the most effective fuel for water tube boilers.
INTRODUCTION
Eucalyptus wood is considered a major economic wood in Thailand, and it is an important raw material in pulp production 1 . In 2002, Thai industries' utilization of eucalyptus wood amounted to 11 Mton. This included 6.5 Mton or 60% of utilization for pulp production and export wood chip, and 3.5 Mton or 30% of utilization for wood chip fuel. The processing of eucalyptus for the paper industry creates a by-product, which is bark. In Thailand, the by-product of bark created by the paper industry amounts to 20% of the fresh wood or 1.3 Mton per year, and 281.90 ktoe (crude oil equivalent) 2 . In 2004, Thai pulp industries' demand was increasing of eucalyptus wood logs amounted to 7 Mton. This included 4.71 Mton for short fiber pulp production and 2.29 Mton for wood chip fuel and construction. Thus, a growth campaign led by private companies that use eucalyptus wood for pulp production has resulted in the continuous development of species, the area cultivated with eucalyptus expanded of eucalyptus wood was produced for industrial extension.
Most eucalyptus bark has been used as fuel for biomass power plants 3 . These plants mix the bark with other types of biomass such as wood chips, husks, or coal to overcome the bark's unsuitable properties. The Japan Institute of energy 4 reported coal with 20% biomass affected the higher heating efficiency than coal with 25% biomass. There are many technologies to increase the efficiency by change the physical and chemical properties of biomass for the suitable utilization 5 . Theis, Skrifvars, Hupa and Tran 6 reported the 30% eucalyptus could be added to coal fuel. The physical properties of eucalyptus bark include a low density and high moisture content (about 30-60%). The chemical properties include alkalinity with high sodium, potassium, calcium, and magnesium, which change to vapor and distill on tubing when heated. The sulfur dioxide is sulphate compound which has a low melting point and becomes a sticky stain on the tube surface and clings to ash, causing corrosion and fouling of the tube system, as well as slagging. Finally, it affects the efficiency of the heating production system and contributes to the deterioration of the boiler's useful life.
The boiler was important machine for food production because steam widely employed in thermal food industry processes for reducing microbial charge and enzymatic activity to maintain quality of food product and reducing deterioration. Generally, Food industry processes require the supplying of large quantities of saturated or superheated steam during short periods of time 7 . Thus, the water tube boiler is selected in food industry because it generates large amount of steam in the short time with its small size.
Investigations into eucalyptus bark processing have resulted in studies on pellets, shreds, and biomass moisture reduction. Eucalyptus bark testing for combustion technology has studies for direct combustion in water tube boiler. The objectives for this current experiment were to study and develop eucalyptus bark processing and its using water tube boiler in the small industrial factory. The study observed thermochemical behavior and the effects of using an additive on efficiency and the useful life of the boiler by conducting an analysis of the oxide components in the combustion system. Corrosion in the tube, fouling, and slagging in the combustion chamber were all investigated. The study aimed to find a strategy for utilizing eucalyptus bark that would not affect efficiency or the boiler's useful life.
MATERIALS AND METHODS

The properties of eucalyptus bark
Eucalyptus bark was surveyed and samples were taken from factories in Northeast of Thailand. The moisture content of the eucalyptus bark was determined using the ASTM D3173 
Fuel preparation
The moisture content of eucalyptus bark collected from factories was reduced using a sun dryer, and then the bark was chopped to a bulk density of 110 kg/m 3 using a hammer mill. The shreds of eucalyptus bark were compressed with a pelletizing machine (TPM 520-138 model, Thailand). By testing, eucalyptus bark pellet was mixed with kaolin which was purchased from Siam Soil Co. Ltd., Thailand. The kaolin was added to the pellet ingredients in 5, 10, and 12% w/w for boiler testing. The pellets were prepared with 8 mm diameters, 11-13% w.b. moisture content, and 715 kg/m 3 bulk density. The power utilization of eucalyptus bark pellet production was 100.5 kW.h/ton. Steam boiler for the test could the maximum vapor production rate was 500 kg/h, and pressure was 22 bar with stoker feeding of biomass. Eucalyptus bark pellets were compared with and without kaolin added in The analysis of the influence on the boiler and tubing, the ash content, and ash agglomeration of the biomass were determined and weights were taken on site.
Risk assessment of fouling and slagging indices based on ash composition
Given the analysis of oxide components in the eucalyptus bark ash, the components' effects on boiler tube potential were assessed using three separate indices, the AI (Alkali Index), the R b/a (Base to Acid Ratio), and the BAI (Bed Agglomeration Index), as follows: An AI value higher than 0.17 kg/GJ signifies a risk of fouling and slagging, while a value higher than 0.34 kg/GJ signifies a tendency for fouling and slagging.
The BAI value was lower than 0.15, signifying an effect on bed agglomeration.
The R b/a value showed trends of metal components in ash, including melting and slagging
Thermal efficiency of fuel
Thermal efficiency was evaluated using the DIN EN 2032 standard test method 11 . It was calculated by comparing the sensible heat of water with the sensible heat of combustion, which was expressed with the boiling water time, as shown in equation (4) . The pressure of the boiler was set at 10-12 bar and the air feed supplied 10-15% excess air. The exposed air was analyzed using a flue gas analyzer (Model Testo-350XL). 
RESULTS AND DISCUSSION
Properties of eucalyptus bark from Northeast of Thailand
The 20 provinces in Northeast of Thailand had 64 eucalyptus wood chip factories which were classified as 44 eucalyptus wood chip factories and 20 specific wood chip factories. Nakhon Ratchasima, Surin, and Buriram Provinces had the most eucalyptus wood chip factories in descending order. 
The oxide analyses of eucalyptus bark and bottom ash of pellets
The elemental oxide analyses of the fresh eucalyptus bark and bottom ash of pellets were expressed as the weight percentages of oxides in the ash (Table. 1 ). The findings showed oxides in the fresh eucalyptus bark to be CaO, K 2 O, SiO 2 , Na 2 O, Fe 2 O 3 , and SO 3 at 62.66, 17.09, 4.62, 3.28, 2.05, and 1.85, respectively. The highest oxide concentration in the fresh eucalyptus bark was calcium oxide, which affected particle or aerosol distribution and adhesion to the surface of the tube.
Condensation on the tube's surface from the gas phase to the cooling phase caused agglomeration. Corrosion was caused by the gas phase of Cl, K, Na, S, and other heavy metals to compound gases, such as KCl, K 2 SO 4 , and other heavy metal compounds before condensation on the tube's surface.
The oxide analyses of the bottom ash of the pellets showed eucalyptus bark pellet ash mainly retained SiO 2 , CaO, and Al 2 O 3 ( Table 1 ). The ash produced through burning of the eucalyptus bark pellets expressed a decrease in calcium oxide from 62.66 to 15.64-9.74% depending on the amount of kaolin added. The CaO particles were released and the fuel and aerosol were converted to fine ash or exhaust gas. The kaolin content caused an increase in aluminum oxide and silicone oxide, which influenced temperature in the combustion chamber. Characterizations of fouling and slagging tendencies were expressed in terms of the AI, R b/a and BAI represented above in equations (1)-(3). Findings showed the probability of slagging, fouling, and agglomeration. The AI was 0.14-0.16 (less than 0.17), signifying a lower tendency for slagging and fouling; the BAI was 0.20-0.34 (more than 0.15), signifying no agglomeration occurrence; and the R b/a was 1.23-1.75 (less than 2.6), signifying no tendency for slagging and fouling. The results are presented in Table 2 . As for the comparison risk analysis of fouling, agglomeration, and corrosion by using fly ash, the eucalyptus bark pellet ash retained mainly SiO 2 , CaO, and Al 2 O 3 (68.88-85.70% in the dry fuel when taken together) ( Table 1 ). The CaO in ash produced through burning of the eucalyptus bark pellets decreased from 18.27 to 10.45-6.26% when kaolin was added. The levels of CaO particles in the fly ash were lower than the bottom ash. To characterize the ash fouling and slagging tendencies, equations (1)-(3) determined the probability of slagging, fouling, and agglomeration. The AI was 0.18-0.20 (more than 0.17 but less than 0.34), signifying a tendency for slagging and fouling. The BAI was 0.19-0.60 (more than 0.15), signifying no agglomeration occurrence. The R b/a was 0.84-1.61 (less than 2.6), signifying no tendency for slagging and fouling ( Table. 2).
The oxide analyses of fly ash of pellets
The fly ash of eucalyptus bark pellets with kaolin crystallized and caused further agglomeration. The main oxide in the fly ash was silicone oxide. The kaolin caused calcium oxide to decrease in the fly ash. The CaO reacted with potassium oxide and SiO 2 to decrease the melting temperature, which caused the bottom ash to melt easily. This finding is consistent with previous research by Soerensen, Fjellerup and Henriksen
12
. The melting temperature changed according to the ratio of K 2 O and silicon. The increase of calcium caused the melting temperature of the ash to decrease. This finding is consistent with research by Mathiyanon, Satitrangsak, Sangvorakarn, Intrachandra and Chaiyaporn 13 .
Regarding absorption and chemical reactions of kaolin, this study found that kaolin was able to absorb potassium in the form of KAl 2 Si 3 AlO 10 (OH) 2 at 700-800 °C. The potassium accumulated on the tube surface as muscovite at 900 °C. The muscovite was mono crystalline and flaked and stacked thickly on the tube. The elementary compounds reacted to form Kalsilite (KAlSiO 4 ) and HCl, as represented in equation (5) . The compound was a crystalline kaliophilite (leucite). The aluminum and silicate compound had a melting temperature range of 1165-1250 °C, which decreased as corrosion and fouling increased. The KAl 2 Si 3 AlO 10 (OH) 2 compound was able to separate into aluminum oxide (Al 2 O 3 ) and SiO 2 at 850-1200°C without corrosion. The fly ash oxides affected corrosion of the chlorine and hydrochloride. The oxide analyses of agglomeration on the tube surface and bottom ash Corrosion on the tube caused a decrease with added kaolin to the fuel. The oxide analyses showed agglomeration of bottom ash, as presented in Table. 3. The agglomeration had more than 77.44% silicone oxide in all trials, and there was 13.6-24.4% agglomeration, which caused obstruction of air and affected combustion.
Findings on steam boiler production
There was a pressure range of 10-13 bar in the boiler and the fuel feed was controlled to maintain a continuous pressure of 10-12 bar. The eucalyptus pellets produced steam at 409.2 kg steam/h. Steam production rates were 377.4, 366.3, and 447.4 kg steam/h for the pellets containing 5, 10, and 15% kaolin, respectively, as presented in Table 4 . The pellets with 12% kaolin affected the leverage of the slagging on the furnace, which obstructed air and caused the average pressure to decrease to 7.4 bar. The efficiency of the boiler fuel with bark eucalyptus pellets containing 0, 5, 10, and 12% kaolin was 53.6, 48.5, 39.2, and 48.5%, respectively. The cumulative effect of fouling on the surface tube was 283.3, 115.7, 64.0, and 53.3 g/m 2 .h, respectively (Table. 5), demonstrating a tendency for fouling to decrease when the additive was increased. Theis, Skrifvars, Hupa and Tran 6 found the accumulation of fouling on tube surfaces from eucalyptus bark and oat straw to be 80 and 160 g/m 2 .h, respectively, findings which were 2.5 times lower than this study's findings. This study found that agglomeration decreased with the addition of kaolin (Table. 5 ). Eucalyptus bark pellets without kaolin had the highest agglomeration effect and also the highest effect on the lifetime of the boiler.
CONCLUSION
The elementary ash in eucalyptus bark affected the corrosion and efficiency of pipes in the boiler tube. The observation of 20 provinces in Northeast of Thailand, 64 eucalyptus wood chip factories were classified as 44 eucalyptus wood chip factories and 20 specific wood chip factories. Nakhon Ratchasima, Surin, and Buriram provinces had the most eucalyptus wood chip factories in descending order. The obtained eucalyptus bark pellets had 8 mm diameter, 715.0 kg/m 3 density and 11-13%w.b. moisture content. The proximate and ultimate values of eucalyptus bark were C, H, N, S and O. The CaO was the most oxide content (62.66%) and the chorine content was 0.98%. The CaO affected the distribution of the particles or aerosols to be adhesion surface tube during condensation. The corrosion was being gas phase of Cl, K, Na, S and heavy metal other to reacted to change compounds gas was KCl, K 2 SO 4 and heavy metal compound which condensed on surface tube. The eucalyptus pellets were used as fuel which produced steam at 409.2 kg steam/h. The eucalyptus bark pellet with 12% kaolin was high steam production rate (447.4 kg steam/h). The tendency for fouling decrease with the kaolin addition. The cumulative effect of fouling on the surface tube was 64.0 and 53.3 g/m 2 .h for eucalyptus bark pellets containing 10, and 12% kaolin respectively. The fouling decreased 77.4 and 81.2 % respectively.
The bottom ash produced through burning of the eucalyptus bark pellets expressed a decrease in CaO from 62.66 to 15.64-9.74% which depended on the amount of kaolin addition. There were lower tendency for slagging and fouling, no agglomeration occurrence and no tendency for slagging and fouling. The CaO in fly ash produced through burning of the eucalyptus bark pellets decreased from 18.27 to 10.45-6.26% with kaolin addition. There were tendency for slagging and fouling, no agglomeration occurrence and no tendency for slagging and fouling.
The slagging experiment showed the slagging ash increased with kaolin more than 10%. Thus, the 10% kaolin addition in eucalyptus bark pellet was the suitable content for fuel in boiler. There were high steam production rate, low cumulative effect of fouling agglomeration and slagging.
